Experimental Data and Additional Results a. General Considerations
[(Me 3 P) 4 Rh]Cl, [(Me 3 P) 4 RhMe] (1a), pinB-Bdmab (2a), pinB-Bdbab (2b) and [(18-C-6 )K][dmabB-B(OtBu)pin] were prepared following literature procedures. S1 ,S2 All other compounds were commercially available and used as received. Benzene was dried over potassium/benzophenone and degassed before use. All other solvents were dried using MBraun solvent purification systems, deoxygenated using the freezepump-thaw method and stored under purified nitrogen. All manipulations were performed using standard Schlenk techniques under an atmosphere of purified nitrogen or in a nitrogen filled glove box (MBraun). NMR spectra were recorded using Bruker Avance II 300, Bruker Avance 400, Bruker DRX 400 or Bruker Avance II 600 spectrometers. Air sensitive samples were measured in NMR tubes equipped with screw caps (Wilmad) or flame-sealed NMR tubes. Chemical shifts () are given in ppm, using the residual resonance signal of the solvents as internal reference (C 6 
11
B NMR spectra were generally processed applying a Lorentz type window function (LB = 10 Hz) and using a back linear prediction in order to suppress the broad background signal due to the borosilicate glass of the NMR tube; the spectra were carefully evaluated to ensure that no genuinely broad signals of the sample were suppressed. w ½ refers to the full signal width at half-height. If necessary, coupling patterns were analysed with the aid of simulations (DAISY/TOPSPIN). ). EI mass spectra were recorded using a Finnigan MAT 95 XP instrument at 70 eV. Note that the samples were prepared inside a nitrogen filled glovebox but had to be exposed briefly to air during the transfer into the instrument.
b. [(Me 3 P) 4 Rh-OtBu] (1b)
NMR experiment: [(Me 3 P) 4 Rh]Cl (13.0 mg, 29 mol, 1 eq) was placed in an screwcap NMR tube and dry THF-d 8 (0.6 mL) was added. Upon addition of KOtBu (3.3 mg, 29 mol, 1 eq) the [(Me 3 P) 4 Rh]Cl dissolves and a bright orange-yellow solution was
formed within a few minutes. VT-NMR spectra of the sample were recorded ( Figure   S1 ). Figure S1 . 31 P{ 1 H} VT-NMR spectra of an equimolar mixture of [(Me 3 P) 4 Rh]Cl and KOtBu and a spectrum of this mixture after 30 h at rt (162/122 MHz, rt, THF-d 8 ).
Yield: According to the NMR data 1b is formed virtually quantitatively (>95%).
Within 30 h at ambient temperature only marginal decomposition is observed ( Figure S1 ).
 H (400 MHz; THF-d 8 , rt) 1.13 (9 H, br s, OtBu), 1.23 (27 H, br s, Me 3 P eq ), 1.37
(9 H, br dd, J = 9 Hz, J = 1 Hz, Me 3 P ax ). = 48 Hz, J P-Rh = 157 Hz, , 3 P), -13.2 ppm (dq, J P-P = 48 Hz, J P-Rh = 91 Hz, 1 P)).
S5a
In addition the In the solid state complex 3 exhibits a trigonal-bipyramidal structure with an axial boryl ligand ( Figure S6 ). The geometrical parameters comparable with those of the analogous complex [(Me 3 P) 4 Rh-Bcat] (Rh-B 2.047(2) Å, Rh-P ax 2.3404(6) Å, Rh-P eq 2.3049(6) Å, 2.2891(6) Å, 2.3096(6) Å).
S5a Noteworthy, a slightly shorter trans- In a nitrogen filled glovebox a screw cap NMR tube was charged with [(Me 3 P) 4 RhMe]
(10 mg, 24 mol, 1 eq), 2a (6 mg, 24 mol, 1 eq) and C 6 D 6 or THF-d 8 (0.7 mL) and NMR spectra were recorded.
ii) Reaction of 2a with 1b
In a nitrogen filled glovebox a screw cap NMR tube was charged with [(Me 3 P) 4 Rh]Cl NMR spectra were recorded.
iii) Reaction of [(18-C-6)K][dmabB-B(OtBu)pin] with [(Me 3 P) 4 Rh]Cl
In a nitrogen filled glovebox a screw cap NMR tube was charged with [(Me 3 P) 4 Rh]Cl (5 mg, 11 mol, 1 eq), [(18-C-6 )K][dmabB-B(OtBu)pin] S1 (7 mg, 11 mol, 1 eq) and THF-d 8 (0.7 mL) and NMR spectra were recorded.
iv) Reaction of [(Me 3 P) 2 Rh-CH 2 -PMe 2 ] 2 with 2a
In a nitrogen filled glovebox a screw cap NMR tube was charged with [(Me 3 P) 2 Rh-CH 2 -PMe 2 ] 2 (16 mg, 24 mol, 1 eq), 2a (6 mg, 24 mol, 1 eq) and THF-d 8 (0.7 mL) and NMR spectra were recorded.
• Reaction of 2a with 1a in THF-d 8
The in situ 
• Reaction of 2a with 1b -Influence of the order of Addition
An NMR experiment analogous to that described in the main text but reversing the order of addition was performed ( Figure S8 , bottom). According to in situ [(Me 3 P) 2 Rh-CH 2 -PMe 2 ] 2 , the decomposition product of 1b, was also reacted with 2a.
NMR spectra recorded after 30 h at ambient temperature shows only a very small amount of B-B activation products besides some unidentified side-products ( Figure   S9 ). Whilst both boryl complexes 3 and 4a are identified by their characteristic 11 B NMR signals the 31 P NMR signal of 4a was not readily identified. As a consequence the relative amounts could not be estimated but the B-B activation appears to proceed slightly in favour of 4a. Furthermore, it should be noted that the proposed concomitantly formed products of the B-B activation pinB-CH 2 -PMe 2 and dmabB-CH 2 -PMe 2 were neither identified by NMR spectroscopy nor by GC/MS analysis of the reaction mixture. .
Considerations on the selectivity of the B-B bond activation of 2a
Determination of the relative amounts of 3 and 4a formed by NMR spectroscopy is not straightforward. This is due to the very different relaxation behaviour, the dynamic processes present and the partly extensive peak overlap as well as the different Table S1 . Relative amounts of 4a/3 and pinBX/dmabBX (X = Me, OtBu) formed during the reaction of 2a+1a and 2a+1b as estimated by different methods.
Taking the values for the [3]:[4a] ratio obtained by different methods into account and also considering those of pinBX and dmabX (as the products formed concomitantly during the B-B bond activation) it may be stated that a selectivity of approximately 1:10 is obtained for the B-B bond activation by 1a and 1b, respectively, albeit with inverted selectivity.
-S18 -g. In situ NMR spectroscopic study of the reaction of B 2 pin 2 with 1b
Experimental Procedure
As described under f.ii), but using B 2 pin 2 (8.4 mg, 33 mol, 1.1 eq) instead of 2a. 
Results and Discussion
Monitoring the reaction of 1b with B 2 pin 2 at ambient temperature in THF- 
Experimental Procedure
In a nitrogen filled glovebox 4a (10 mg, 21 mol, 1 eq) was dissolved in C 6 D 6 or THF-d 8 (0.7 mL) in a screw-cap NMR tube. To the deep orange solution different amounts of PMe 3 were added by means of a gas-tight microliter syringe (nominal amounts 0.5 eq, 1.5 eq, 20 eq, 15 -20 eq and 10 eq, respectively). Upon addition of >1.5 eq PMe 3 the solution turned immediately yellow. and is in good agreement with the nominally added amount of PMe 3 (vide supra, Figure S11 ). However, the numbers obtained should be treated with some caution, as for  P4Rh the chemical shifts at -96 °C in THF-d 8 had to be used and a possible solvent and temperature dependence of the chemical shift has been assumed to be negligible.
Nevertheless, in conclusion it may be stated that at ambient temperature, under the conditions studied, predominantly 4a and free PMe 3 are in rapid exchange and that 5
is not present to more than 10 mol-%.
Note also, that for 1 eq excess of PMe 3 an average chemical shift of -28.9 ppm is calculated using equation (7) and the fitted parameters. This value agrees well with the signal at -27.4 ppm that was observed during the reaction of 2a with 1b ( Figure   1 ).
-S23 -A low temperature NMR study of a mixture of 4a and 10.2 eq PMe 3 in THF-d 8 , prepared as described above, was conducted ( Figure S13 , for discussion see main text ( Figure 3) ). 1) The n-pentane molecule is disordered on an inversion centre; all C-C distances were restraint to 1.54 Ang (DFIX). The SOF refined to ca. 1/2 and was eventually fixed to 1/2.
-S33 -
2) The disordered PhMe molecule was refined employing geometrical restraints:
-the phenyl moiety was refined as regular hexagon (AFIX 66)
-the H 3 C-C(ipso) distance was restraint to 1.54 Ang (DFIX) -the two H 3 C-C(ortho) distance were restraint to equivalence (SADI) -all ADP were restraint to approximate isotropic behaviour (ISOR) The diffraction pattern showed at higher diffraction angles (d  1.5) well resolved reflections that were indexed using two orientation matrices, in accordance with the two crystals observed optically. At these higher diffraction angles only a negligible number of overlapping reflections were observed and the orientation matrices were used for integration. However, at lower diffraction angles (d  1.5) a considerable number of reflections showing characteristics of powder pattern were observed originating presumably from polycrystalline PMe 3 . The diffraction data for both crystals were separately integrated to give two datasets. For solution and refinement of the structure only the dataset with the better I/(I) ratio was used. Presumably as a consequence of the presence of polycrystalline PMe 3 or the second crystal 7 low angle reflections of high Fo/Fc were observed that were omitted from the refinement. For further crystallographic details refer to the crystallographic data available as supporting information or from the Cambridge Crystallographic Centre (CCDC Nos.
1037662 -1037666).
